The relative contribution of a sector to poverty reduction is shown to depend on its direct and indirect 'growth effects' as well as its 'participation effect'. The paper assesses how these effects compare between agriculture and non-agriculture by reviewing the literature and by analyzing cross-country national accounts and poverty data from household surveys. Special attention is given to Sub-Saharan Africa. While the direct growth effect of agriculture on poverty reduction is likely to be smaller than that of non-agriculture (though not because of inherently inferior productivity growth), the indirect growth effect of agriculture (through its linkages with nonagriculture) appears substantial and at least as large as the reverse feedback effect. The poor participate much more in growth in the agricultural sector, especially in low-income countries, resulting in much larger poverty reduction impact. Together, these findings support the overall premise that enhancing agricultural productivity is the critical entry-point in designing effective poverty reduction strategies, including in Sub-Saharan Africa. Yet, to maximize the poverty reducing effects, the right agricultural technology and investments must be pursued, underscoring the need for much more country specific analysis of the structure and institutional organization of the rural economy in designing poverty reduction strategies.
Introduction
analysis using national accounts evidence on sectoral growth combined with poverty data from household surveys. Special attention is given to SSA, though the evidence we bring to the debate covers the wider developing world. The paper begins by developing a simple conceptual framework (section 2) in which the effects of agriculture and non-agriculture on poverty are shown to arise from two principal sources: a growth effect and a participation effect. The paper then examines the direct and indirect growth effects across both sectors in sections 3 and 4, followed by an assessment of potential differences in the participation component in section 5. Section 6 synthesizes how these different effects are expected to play out in terms of poverty reduction across different groups of countries and concludes.
Let (1)
We refer to the first multiplicative term in (1) as the participation effect and the second multiplicative term as the growth effect.
Not all growth processes generate an equal amount of overall growth nor an equal amount of poverty reduction (World Bank, 2000) . The growth and participation effects may differ substantially across sectors. The latter has been illustrated empirically for India by Ravallion and 3 Note, by using GDP growth rather than mean household income change as is common in this sort of identity, we are very much focusing on the overall growth process (not simply the growth in household income). The elasticity concept used here reflects the impact of growth on both average incomes of households and how those incomes are distributed. This is commonly referred to as the "growth elasticity of poverty" which is strictly speaking not correct. Datt (1996; 2002) and for China by Ravallion and Chen (2004) . To accommodate such differences, we rewrite (1) as a weighted sum of the contributions to poverty reduction of both the agricultural and the non-agricultural sectors: 
Conceptual Framework
with a denoting agriculture, n non-agriculture, and q any constant (1<q<0). A meaningful choice for q is q=(Y ai /Y i )=s ai the share of agriculture in total GDP in country i. It follows that (1-q) equals (Y ni /Y i )=s ni , the share of non-agriculture in total GDP in country i and (2) 
where y ki is the growth rate of per capita GDP in sector k=a,n, ε ki the elasticity of total poverty with respect to per capita GDP in sector k, and s ki the share of sector k in total GDP.
From equation (4) it is clear that the impact of a sector (e.g. agriculture) on poverty depends on how its pace of growth performs compared with the other sector (non-agriculture). In addition, a large literature exists, showing that accelerating agricultural growth will induce changes in other sectors, resulting in higher non-agriculture growth. While the reverse interaction might also hold, the literature suggests that these effects are smaller. The growth effect of a sector therefore will have two components: the direct contribution (or the size of y a ) and an indirect effect, this being additional changes in poverty resulting from the induced change in the growth performance of the other sector (the effect of y a on y n ).
In addition, an acceleration in the pace of per capita agricultural growth (y a ) will have a more marked effect on poverty than an identical increase in the rate of non-agricultural growth (y n ) if ε n s n < ε a s a. . The participation effect therefore has two elements: an elasticity component and a share component. Even though agriculture is the largest sector in the economy of most developing countries, the share of non-agriculture (services and industry combined) in the overall economy is usually larger than the share of agriculture. Whether the participation effect of agriculture (ε a s a ) outweighs the participation effect of non-agriculture (ε n s n ) would then depend on whether ε a is sufficiently larger than ε n . Finally, note that when ε n =ε a, equation (4) collapses to equation (1) and the source of growth no longer matters in determining the poverty effect of growth (Ravallion and Datt, 1996) . We return to this property of equation (4) in developing an empirical test to assess whether the GDP elasticity of poverty differs across sectors.
In sum, from this simple framework, we identify two elements each of the growth and participation effects. The growth effect has a direct and indirect component; and the participation effect has an elasticity and a share component. A schematic representation is given in Figure 1 . All four components have to be taken into account when considering the relative contribution of a sector in poverty reduction. 4 In what follows, we compare the size of each of these effects (as represented by the box and arrow size in Figure 1 ) across both sectors and empirically explore the overall contribution of each sector to poverty reduction across countries during 1980-2000. 4 In addition to these four effects, there might also be population reallocation effects taking place between the sectors which could further contribute to poverty reduction (also referred to as the 'Kuznets process by Anand and Kanbur (1985) and Ravallion and Datt (1996) ). We have not pursued this in our decomposition here given the empirical challenge of estimating poverty by sector, as rural households are often involved in both agricultural and nonagricultural activities. We refer to Ravallion and Huppi (1991) who explore a decomposition of the proportionate change in poverty which also considers population shifts between sectors with an empirical application to Indonesia. A review of the historical overall sectoral growth rates since 1960 across countries in the world (Table 1) indicates that on average agricultural growth has lagged non-agricultural growth rates, in line with common wisdom. The difference amounts on average to 1.6 percentage points.
Looking across continents, the gap is largest in South and East Asia and smallest in the Middle Eastern and North African countries. In Sub-Saharan Africa, the average gap has historically been 1.2 percentage points, somewhat below the world average. The decline in agricultural growth rates over the past 4 decades-from 2.7 percent in the 1960s to 2.0 percent in the 1990s-was accompanied by an even larger decline in non-agricultural growth rates, from 5.7 percent to 3.1 percent in the 1990s, or 4 percent on average during the early 2000s.
The lower observed growth rates in agriculture versus non-agriculture have led many policymakers to be skeptical about the potential role of agriculture in development and poverty reduction strategies. Common wisdom further holds that observed agricultural growth rates have not only been historically lower than growth rates outside agriculture, but more importantly, that overall productivity growth in agriculture is also inherently inferior to overall productivity growth in non-agriculture. This widely held view, though there are important dissenters 5 , goes back to the classical economists, starting with Adam Smith, who posited that due to greater impediments to specialization and labor division in agricultural production compared with manufacturing, productivity in agriculture was bound to grow at a slower pace than in manufacturing. 5 These are for example North (1959) , Johnston and Mellor (1961) , Hayami and Ruttan (1985) , and Timmer (1997) .
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The Direct Effect of Growth-Agriculture's Relative Growth Potential Despite the powerful appeal of this view throughout the development economics literature 6 and among policy makers, there are few comparable estimates available of productivity growth in agriculture and industry, especially for developing countries. 7 In a first simple step to explore this further, we decompose the sectoral GDP growth rates reported in Table 1 into their (labor) productivity and population growth components (see Table 2 ). 8 Table 2 presents the average sectoral growth rates and their (labor) productivity and population growth components during the 1960-2003 period.
Contrary to the widely held assumption that improvements in agricultural productivity cannot match those in non-agriculture, the results in Table 2 suggest that over the past 4 decades labor productivity in agriculture has on average been growing faster. With the exception of South 6 The powerful dual economy models of development for example, critically assume a stagnant, traditional rural sector from which labor and resources flow to the dynamic, modern industrial sector. 7 Productivity estimates for the economy as a whole or for individual sectors on the other hand abound. 8 To see this, denote GDP by G k , and population in sector k by L k ,. Through total differentiation of
Asia, this holds across all continents, including Sub-Saharan Africa. It further appears that overall GDP growth in agriculture has been largely driven by growth in agricultural productivity, while growth in the non-agricultural sector has been largely fueled by population growth in nonagriculture especially in the developing countries (except Eastern Europe and Central Asia).
Finally, while population growth has been the key contributor to overall growth in both sectors in SSA, agricultural productivity growth exceeded productivity growth in the non-agricultural sector. Nonetheless, it is quite possible that the trends observed in Table 2 simply reflect equilibrating movements of labor out of agriculture into non-agriculture in response to higher marginal products of labor (and thus wages) in non-agriculture (a phenomenon also known as "industrial pull"). This would lead to a convergence in sectoral labor productivity and is consistent with the observed faster (labor) productivity growth in agriculture. The faster agricultural labor productivity growth is in this view a result of labor movements out of the sector (consistent with labor surplus in agriculture) rather than a result of an increase in agricultural output.
Alternatively, if the observed agricultural labor productivity growth resulted from increased agricultural output, following investment and technological change in agriculture (or an increase in total factor productivity), productivity increases would free up labor in agriculture and induce it to move to the non-agricultural sector (a phenomenon coined "agricultural push"). According to this interpretation, the productivity gains in agriculture are the cause of the labor movements (and not its consequence). Without additional evidence, the relative merits of the industrial pull versus the agricultural push hypothesis cannot be ascertained further. Yet, while admittedly crude and partial, the descriptive findings in Table 2 are quite stark indicating that the hypothesis of agriculture as a backward sector with inherently inferior productivity growth deserves further scrutiny, and that it is quite likely that both forces (industrial pull and agricultural push) have been at work in the past.
The limited available empirical evidence in the literature, mostly from industrialized countries, would support the hypothesis that total factor productivity (TFP) growth in agriculture does not lag behind total factor productivity growth in non-agriculture. Estimating rates of sectoral TFP growth for the U.S. economy between 1948 and 1979 using a cost function approach Jorgenson, Gollop and Fraumeni (1987; table 6.7) found that TFP growth in agriculture had been more rapid than in almost all other sectors. Examining historical TFP growth rates of agriculture vis-à-vis the rest of the economy in Australia using a production function approach Lewis, Martin and Savage (1988) come to a similar conclusion. Using a sample of 14 industrialized countries between the early 1970s and the late 1980s Bernard and Jones (1996) estimated average TFP growth at 2.6 percent per year in agriculture compared with 1.2 percent in industry and 0.7 percent in services. In only one of their 14 sample countries was total factor productivity growth higher in industry than in agriculture.
But there is also evidence of a more productive agriculture from the developing world.
Using a production function approach applied to panel data for about 50 low-and middle-income countries over the period 1967 -2002 , Martin and Mitra (2001 found on average total annual factor productivity growth in agriculture to be 0.5 to 1.5 percentage points larger than in non-agriculture, depending on the estimation technique. This difference was statistically significant and valid across the development spectrum.
In sum, the historical evidence reviewed here questions the view of agriculture as a backward sector with limited inherent growth potential and thus a limited direct growth effect on poverty reduction. While agriculture has been growing slower than non-agriculture, agricultural productivity appears to grow at least as fast as productivity in non-agriculture and a series of studies comparing productivity growth across both sectors suggest that this does not primarily follow from equilibrating labor movements in search for higher wages out of agriculture, but rather from a more rapid increase in TFP in agriculture per se. A focus on increasing agricultural productivity to raise the direct growth effect of agriculture as a key building block of poverty reduction strategies therefore cannot be rejected off hand from this perspective.
This does not imply that the agricultural sector as a whole should be expected to grow faster than the non-agricultural sector, or relatedly, that agriculture will increase its share in the economy.
Engel's law implies that as incomes rise, the demand for agricultural products increases at a slower rate than the demand for non-agricultural products, and hence the share of agriculture in total output declines. This is consistent with the historical migration pattern between agriculture and non-agriculture observed in the data. In other words, while the direct growth effect of agriculture on poverty reduction will likely continue to be smaller than this of non-agriculture, historical experience shows that agricultural productivity and growth can be substantially increased, an increase which has also been shown to be necessary to facilitate labor migration of labor out of agriculture (Gollin, Parente and Rogerson, 2003) and foster non-agricultural growth (Irz and Roe, 2005) .
Nonetheless, despite faster productivity growth in agriculture in Sub-Saharan Africa compared with non-agriculture, at 0.9 percent, agricultural (labor) productivity growth has historically been low, raising the question how agricultural growth in Sub-Saharan Africa could be increased, and at what cost. A comprehensive treatment of this question falls beyond the scope of this paper, though in this context, the potential of investment in agricultural R&D and extension in increasing agricultural productivity is worth highlighting. Thirtle, Lin, and Piesse (2003) estimated the elasticity of yield with respect to R&D investment at 0.36 in Sub-Saharan Africa. The
InterAcademy Council (2004) also underscored the huge pay-offs from scaling up research in agriculture in their latest study "Realizing the Promise and Potential of African Agriculture". They further emphasized the critical need to address soil degradation and soil nutrient depletion especially in African soils. Yet, given the limited technology adoption currently characterizing SSA agriculture, the role of policy and behavioral factors in adopting new technologies will also need to be much better understood.
In addition to its direct sectoral contribution to overall growth, agricultural development can also play an important role in fostering development in the rest of the economy (Johnston and Mellor, 1961; Schultz, 1964) . Three broad types of mechanism were identified: 1) inter-sectoral linkages, forward to agro-processing activities and backward to input supply sectors (see Perry et al, 2005 , for a recent assessment of these linkages); 2) final demand effects arising from a large and more affluent agricultural sector with a propensity to spend on locally produced non-traded goods and services (especially true of smallholder agriculture) generating significant demand for nonagricultural goods (reviewed in Haggblade, Hammer and Hazel, 1991) and thereby off-farm employment; and 3) wage-good effects-by reducing the price of food, agricultural productivity growth would lower the real product wage in non agriculture, thereby raising profitability and investment. 9 Much of this literature argued that the stronger links were from agriculture to nonagriculture rather than the other way around (Mellor, 1976; King and Byerlee, 1978; Thirtle, et al., 2001 ). In part this was because inputs into non-agriculture were more import intensive, and urban consumption patterns favored imported goods (the demand for food being income inelastic).
Establishing the empirical validity of these linkages has been a 'cottage industry since the early 1970s (Timmer, 2005) . While the models adopted in this literature typically embrace both production and consumption linkages, 10 it is the latter that have been found to be more important. Delgado et al. (1998) concluded that for both Africa and Asia, consumption-based agricultural growth linkages are four to five times more important to growth than production-based linkages.
For the linkage effects to be significant, four conditions must apply (Delgado, et al., 1998) . First, agriculture must be a sufficiently large sector in employment terms for the income generating effects to be significant. Second, the income gains from agricultural growth must be reasonably widespread, so that effective demand for locally produced goods and services is raised. Third, the consumption patterns of people in agriculture must favor locally produced non-tradable goods.
And finally, the non-agricultural (non-traded) sector must have to hand underutilized resources and appropriate institutional arrangements to be able to respond to the raised levels of demand coming from agricultural growth.
Using micro data on consumption patterns in five African countries, Delgado et al (1998) concluded that the farm sector in Africa is better able to propagate income growth than previously thought. More recent evidence by Dorosh and Haggblade (2003) applying both fixed price semi input-output (SIO) models as well as fully price endogenous CGE models to eight SSA countries confirms the existence of sizeable growth linkages from investments in agriculture-as before the indirect effects of investment induced growth prove to be about as large as the direct effects.
Moreover, fixed price (SIO) multipliers from investments in export and food crops typically exceed the manufacturing multipliers, consistent with the literature, though they also find that this is no longer the case when prices of the non-tradables are endogenized (as in the CGE).
The methodologies (fixed price (semi) input-output models and price-endogenous CGE models) underpinning this micro evidence are structural in nature and data intensive. While this constitutes the strength of these approaches providing a lot of insights in the nature and extent of the linkage effects, it also constitutes their weakness as the results (partly) depend on the validity of the structural assumptions. To complement the empirical insights from the micro data we follow Bravo-Ortega and Lederman (2005) , who focus on Latin America, and explore whether there exists evidence of a causal relationship between agricultural and non-agricultural output (in the Granger, 1969 , sense) 11 by applying dynamic panel data estimation techniques to international cross country data. In doing so, we do not for example have to assume supply flexibility or fixed prices in the non-tradables sector, in effect observing a 'reduced form' of the full general equilibrium outcome.
The downside of this "reduced form" approach is obviously that it does not provide much insight in the mechanisms of the linkage effects.
Bravo-Ortega and Lederman (2005) find evidence of a positive causal link (in the Granger, 1969 , sense) between (lagged) agricultural growth and non-agricultural growth, also for poor countries, though the effect is smaller for Latin America. The reverse effect is also discernablelagged effect of non-agricultural output on agriculture, though this is negative for low-income 11 The concept of Granger causality holds that a variable Y ai Granger causes Y ni if Y ni can be better predicted using lagged values of Y ai than without them. countries and only slightly positive (and not statistically significant) for Latin American countries.
Although both the micro data and this cross-country evidence suggest that the linkage effects of agricultural growth appear to be true for Africa, the opening up of African economies might for example undermine the linkage effects from any expansion in rural demand (that demand possibly being increasingly met by imports). We therefore update the data set examined by Bravo-Ortega and Lederman and revisit their results taking an African focus and using a somewhat modified specification.
In particular, in our specification non-agricultural GDP per capita (Y n it ) in country i at time t is assumed to depend on both lagged levels of per capita non-agricultural GDP and lagged levels of per capita agricultural GDP. In addition, we consider a vector X it of country-specific exogenous explanatory factors, yielding:
where h i reflects unobserved country specific characteristics that determine the sectoral output, and Based on a comprehensive set of high-resolution grid data of monthly climate indicators 1901-2000 (version TYN CY 1.1), yearly means of precipitation and year-to-year variations are available for each country. For further information, see Mitchell et al. (2003) and http://www.cru.uea.ac.uk/~timm/cty/obs/TYN_CY_1_1.html. Bravo-Ortega and Lederman do not include rainfall shocks in their specification.
Bover system GMM estimator (1995) with the finite sample correction of the two-step standard errors proposed by Windmeijer (2005) . 13 We use lagged differences of the predetermined variables as instruments for the predetermined variables (Y a it-k and Y n it-k ) in our levels equation Table 3 reports the findings for the regressions of non-agricultural GDP. Non-rejection of the reported 2nd-order autocorrelation tests indicates that the autocorrelation of the models is in general well-specified. 15 The Sargan-Hansen-tests are not rejected, providing confidence in our set of instruments. As the linkage effects are also likely to differ depending on the stage in the structural transformation (see also Bravo-Ortega and Lederman, 2005) , results are presented for the full sample (column 1) as well as for middle and low-income countries separately (columns 2-3 and 4-5 respectively). 16 A Sub-Saharan Africa indicator variable is subsequently introduced to examine whether linkages in SSA differ from those observed in other low and middle-income countries respectively. 13 The use of estimated parameters for the construction of the weight matrix introduces extra variation and a difference between the finite sample and the usual asymptotic variance of the two-step GMM estimator. Windmeijer (2005) shows that this difference can be estimated for a finite sample corrected estimate of the variance. 14 A more detailed exposition of the specification and estimation strategy is provided in Appendix A1. 15 The regressions are estimated in differences, and 1 st -order autocorrelation is therefore expected, while 2 nd -order autocorrelation is a sign of serial correlation in the levels. Further lags in non-agricultural GDP were added in some specifications to adjust for serial correlation in the levels. 16 To be consistent with the classification applied in the poverty regressions in section 5, we us the same cut-off value of US$ 1160 GDP per capita to classify countries.
The results in column (1) in Table 3 suggest a small positive effect of agriculture on nonagriculture, though it is imprecisely estimated. While it remains statistically insignificant when looking at the middle-income countries (column 2), it becomes larger and statistically significant for the low-income countries (column 4). Columns (3) and (5) introduce interaction terms of the GDP-variables with a SSA-indicator. For the middle-income countries the SSA sub-group shows a higher effect of agriculture (sign. at the 11%-level), while agriculture does not appear to affect nonagriculture in the SSA low-income countries (the coefficient on lagged agriculture and the interaction term basically cancel each other out).
The corresponding regression results looking at the effect of lagged non-agricultural GDP levels on agricultural GDP are presented in Table 4 . As expected, rainfall shocks emerge as an important determinant of agricultural GDP, in particular in the low-income sub-sample. Yet we do not find any linkage effects from the non-agricultural sector to agriculture. Note that while the Sub-Saharan African interaction term is significant, the effect of non-agricultural growth on the agricultural sector in SSA (calculated as the sum of the basic coefficient and the interaction coefficient, and tested with an F-test) is not significantly different from zero in any of the regressions. Overall, these findings are consistent with the view that development in agriculture (Granger) causes on average development in non-agriculture in low-income countries, though not in the middle-income countries. We do not find evidence of a reverse effect.
To conclude, the micro-evidence from structural models and the cross-country regressions indicate that the indirect effects from fostering growth in agriculture are on average substantial, even though they tend to be lower in SSA than those found for Asian and Latin American countries. Second, while some recent evidence calls into question whether agricultural multipliers largely exceed the non-agricultural multipliers (Dorosh and Haggblade, 2003) , virtually all studies (including the GMM analysis presented in this study) concur that the feedback effects from agriculture to non-agriculture are on average at least as large as the reverse effects. Finally, looking beyond the averages, the exact magnitude of the sectoral multipliers is likely to differ across countries depending on their institutions and structure. There are several reasons why the contribution to poverty reduction from growth might differ across sectors. First, connecting to the growth process might be easier for the poor if growth happens where the poor are located. Indeed, much of the literature underscoring the importance of agriculture in poverty reduction has argued that the poor stand to benefit much more from an increase in agricultural incomes than from an increase in non-agricultural incomes because many of the poor live in rural areas and most of them earn their living in agriculture or agriculture related 5 Participation Effect 20 0 activities. 17 This implicitly assumes that it is difficult to transfer income generated in one sector/location (e.g. people employed in industry or services in urban areas) to another sector/location (e.g. people employed in agriculture in rural areas). This may be because of market segmentations or a political economic constellation unfavorable to redistribution. Second, given that the major asset of poor people is usually their labor, differences in labor intensity across sectors might generate sectoral differences in poverty reduction from growth as emphasized by Loayza and Raddatz (2005) . Third, the distribution of other (complementary) assets (e.g. land in agriculture, capital in industry) may further affect the poverty reducing effect of growth in different sectors.
Few studies have explicitly compared the GDP elasticities of poverty across the sectors.
And some studies even hint that the GDP elasticities of non-agricultural sectors might be greater, contrary to what is often implicitly assumed. Ravallion and Datt (1996) for example, find that the elasticity of rural headcount poverty with respect to agricultural growth in India is -0.9, compared with -2.4 for tertiary sector growth. The latter they conjecture being attributable to growth in the informal sector. For China however-and consistent with expectations- Ravallion and Chen (2004) estimated that agricultural growth has the greatest impact on poverty reduction (by a factor of 4 compared with the secondary and tertiary sectors) underscoring the existence of potentially important differences across countries in the participation effect depending on the structure and institutional organization of the economy. 18
Inspired by this work and in the absence of good country time-series data, other authors have most recently compared GDP elasticities across sectors using cross country data. Using five-
year panel data for the period 1960-2000, Bravo-Ortega and Lederman (2005) find that agricultural output per worker is not as effective as non-agricultural output in raising the incomes of the poorest quintile. Quintiles 2 and 3 appear to gain most from increases in agricultural output. Loayza and Raddatz (2005) argue that the labor intensity of the production process is a critical factor in determining the poverty reducing effect of growth. Linking sectoral growth rates in different 17 For a more extensive review of this literature we refer to Timmer (2005) countries with data on the intensity of labor use in these sectors and the evolution of poverty, they conclude that growth in agriculture which is typically the most labor intensive sector, has also the largest potential to reduce poverty, followed by growth in manufacturing, construction and services; mining and utilities, which are usually very capital intensive, do not seem to help poverty reduction.
Our particular interest here is in Africa and it is not clear that the somewhat cautionary findings of some of the authors on the agricultural GDP elasticity based on the country specific (Ravallion and Datt, 1996) or the cross-country evidence (Bravo-Ortega and Lederman, 2005) would apply in equal force to Africa. Conditions in Africa are certainly different from the wider developing world, including India. For example, a key determinant of how much poverty reduction is obtained from a given rate of growth is the initial income or consumption inequality. The income or consumption distributions are found to be important in determining the GDP elasticity of poverty in part because they reflect other, possibly deeper-seated inequalities. Ravallion (2001) has estimated that for countries with initial Gini coefficients of around 0.60 the GDP elasticity of poverty would typically be -1.2. But if the initial Gini were 0.30, the expected GDP elasticity would be -2.1. Bourguignon and Morrisson (1998) have shown that the difference in labor productivity in agriculture and non-agriculture is an important factor in explaining differences in income inequality across countries. In particular, the larger is the gap in labor productivity between agriculture and non-agriculture, the lower is the elasticity of poverty to growth.
Although these estimates refer to overall income inequality, it is likely that differences in the Gini ratios between the sectors could be an indicator of the differences in the sectoral GDP elasticities of poverty (ε k ). Of the assets that are important for production and income in rural Africa, perhaps land is central. Economic growth in a rural economy in which there is little landlessness, and in which land is more equally distributed, would be expected to have a greater impact on poverty than where land is unequally distributed and there is pervasive landlessness, as for example in India. Bourguignon and Morrisson (1998) find indeed that the larger is the share of land cultivated by small and medium farmers, the lower is the observed income inequality, and thus the larger the effect of growth on poverty. Similarly, the distribution of human capital can exert a profound effect on the poverty effect of growth. If large sections of the rural population are uneducated and illiterate, it is unlikely that they will be able to benefit from growth. In a similar vein, farmers who have little access to health services are also less likely to benefit from growth.
Poor African farmers may also have limited access to other services, such as irrigation, roads and communications limiting their ability to participate in the growth process (Christiaensen, Demery, and Paternostro, 2005) .
In sum, unequal distribution of both private and public assets will influence how any given agricultural and non-agricultural growth rate will reduce poverty. To further investigate the potential differential participation effects across the sectors and resolve some of the uncertainties concerning these relationships in the African context, we turn to the data and perform some crosscountry analysis. 19 An appropriate empirical specification to test whether the source of growth matters on average for its effect on poverty reduction can be derived from equation (4) where π j (j = 0, a, n) are parameters to be estimated and u it is assumed to be a white-noise error term.
The rationale of this specification is that if we cannot reject the null hypothesis H 0 : π a = π n , equation 6 collapses to a simple regression of the rate of poverty reduction on the rate of growth of GDP (see Ravallion and Datt, 1996; 2002, and , for applications to India and China). Under such circumstances, the sectoral composition of growth would not matter, and the debate about the advantages of fostering agriculture versus non-agriculture in alleviating poverty reduces to the question whether investments in agriculture yield faster overall economic growth (i.e. the direct and indirect effect combined) than investments in non-agriculture. If on the other hand, the estimated (slope) coefficients in (6) are (statistically) significantly different across the sectors, the composition of growth would also be important for poverty reduction. Note further that the intercept, which reflects the change in poverty in the absence of growth, could be interpreted as an estimate of the effect of the average change in income inequality during the time period under consideration.
To estimate (6) The estimates were obtained for the three measures of poverty (H, PG and SPG), and are reported in Table 6 . We find that the cross-country data confirm the expectation that economic growth reduces poverty, the GDP elasticity of poverty increasing from -1.7 for the H measure to -2.0 for the PG measure and -2.2 for SPG (all of which are statistically significant-see panel A in Table 6) and comparable with earlier estimates by Ravallion (2001) and Adams (2004) .
The results also show that the composition of growth matters greatly for poverty reduction.
The null hypothesis (that π a = π n ) is rejected in most cases (panel B). Taking the sample as a whole, π a is greater than π n by a wide margin. For the headcount, it is over 9 times greater, and for the PG measure it is over 7 times greater, these differences being statistically significant. However, while the estimated coefficient on agricultural growth for the SPG measure is still much larger than that on non-agriculture (by a factor of 6 times), this difference is no longer statistically significant (p-value > 0.1). For SPG the null hypothesis cannot be rejected. In sum, agricultural growth contributes significantly more to poverty reduction across our sample of countries, at least as measured by the H and PG measures. Whether the composition of growth matters for reducing extreme poverty (as reflected in the SPG measure), is less certain.
Interestingly, the constant term is not significantly different from zero in most of the empirical specifications reported in Table 6 . With zero growth, poverty is predicted on average to remain unchanged, implying constancy on average in income/consumption inequality. 24 But for the SPG measure, the constant term is significantly negative, suggesting favorable changes at the bottom of the distribution. There inequality changes appear to exert a downward pressure on poverty when there is no growth.
To explore further whether the composition of growth matters for poverty reduction across the development spectrum, we split the sample in two groups of equal size based on the country's GDP per capita and run separate regressions for the low and middle-income countries. 25 For the middle-income countries, the null hypothesis is rejected (see panel C of Table 6 ). Agricultural growth has a significantly greater impact on poverty (π a being greater than π n by a factor of 13.8 for the H and 10.2 for the PG measure). But as with the whole sample, the evidence of the differential impact of sectoral growth on the SPG measure is less certain. While both the coefficients on agricultural and non-agricultural growth are statistically significant (at the 10% level), they are not statistically different, despite the fact that the coefficient on agricultural growth is 7.6 times larger than the one on non-agricultural growth. 24 We also applied a Gini correction to the GDP growth variables (following Ravallion, 1997) using initial year Ginis of each spell. We obtained qualitatively very similar results to those reported in Table 6 . 25 Taking the pooled sample, this resulted in a cut-off of US$ 1,160 GDP/capita. However, in the low-income countries (for all measures of poverty-see panel D of Table   6 ) only agricultural growth appears to affect poverty reduction-and the null hypothesis is therefore rejected. The estimated effect of non-agricultural growth on poverty is not statistically significant. 26 In this context it is especially worth highlighting how sectoral growth affects the poorest differently in the medium and low-income countries (as measured by changes in the SPG).
While both agricultural and non-agricultural growth offer scope for extreme poverty reduction in the middle-income countries, it is only agricultural growth that appears to affect the poorest in the low-income countries. This may suggest that the poorest groups in the middle-income countries are more likely to rely also on non-agricultural activities-possibly because extreme poverty is associated with landlessness and concentrated in urban areas as in many Latin American countries which make up more than 40 percent of our middle-income group. This result also resonates somewhat with Bravo-Ortega and Lederman's (2005) finding that growth in agricultural output per worker was slightly less effective as growth in non-agricultural output per worker in raising the incomes of the poorest quintile, at least where it concerns the middle-income countries.
Finally we consider the sectoral impacts in Sub-Saharan African (SSA) countries. Of the 111 observations in our low-income sample, 36 are from SSA. It is not clear, therefore, that the findings for the low-income group would necessarily apply to SSA. 27 It would not be appropriate to estimate the poverty regressions separately for SSA, given the small sample. Our approach is to apply an SSA interaction term to the right-hand-side variables in the low-income country data. The results are presented in panel E of Table 6 . As in case of the low-income countries, we find that only agricultural growth affects poverty reduction, while the estimated coefficients on nonagricultural growth are not statistically different from zero, supporting the critical role of agricultural growth in poverty reduction in SSA. None of the SSA interactive terms is statistically significant, indicating that the relationship between sectoral growth and poverty in low-income countries also applies to the Sub-Saharan-Africa group of countries covered in our sample. 26 The non-significance of non-agricultural growth for poverty reduction in low-income countries (and the positive sign on some of the estimated coefficients) might be the result of counteracting effects of growth within nonagriculture. Indeed, re-estimation of equation 6 using further disaggregated measures of non-agriculture into industrial and service growth, indicates that industrial growth is positively associated with poverty changes-it increases poverty, while service growth is negatively associated. Yet, consistent with the results reported here, only the coefficient on agricultural growth is statistically significant and the coefficients on industrial and service growth are neither jointly nor individually statistically significant. This holds across all poverty measures for the low-income countries. Results are available upon request from the authors. 27 Two countries-China and India-between them contribute 30 observations to the low-income country sample. 28 8
The data reported in Table 6 give the response of total poverty to changes in the share weighted growth rates of the sectors. Estimates of the participation effects for each sector can then be obtained by simply multiplying the estimated coefficients (columns B-D, Table 6 ) by the sectoral shares for each country. The results (as averages per region) are reported in Table 7 . We find the participation effect of agricultural growth on average across the world to be 2.2 times (=1.72/0.80) larger than the participation effect of non-agriculture. In other words, one percentage point additional growth in agricultural GDP per capita would reduce the poverty headcount on average 2.2 times more than an additional percentage point growth in non-agriculture GDP per capita.
This broad finding lends support to a continued emphasis on fostering agricultural growth in reducing poverty especially given that the growth linkage effects from agriculture to nonagriculture tend to be at least as large as the reverse feedback effects. Moreover, historical evidence from both developed (Bernard and Jones, 1996) and developing (Martin and Mitra, 2001) countries indicating that agricultural productivity (as captured by TFP) has been growing at least as fast as non-agricultural productivity supports the view of agriculture as a dynamic sector with substantial growth potential which would help release labor from agriculture to non-agriculture. The estimated coefficients on the effect of (share weighted) non-agricultural growth in the low-income countries are not statistically significantly different from zero.
2) The two middle-income countries are Botswana and South Africa Source: Authors' calculations based on World Bank data (2005c) While an overall focus on fostering agricultural growth in reducing world poverty appears justified from the broad average perspective, the results in Table 7 also underscore the critical need to look beyond the averages and explore the size of the participation effect across regions and countries. First, as discussed above, the elasticity of total poverty reduction with respect to sectoral GDP (i.e. the estimated coefficients) differs substantially between the middle and low-income countries where the effect of agricultural growth on overall poverty was found to be much more important. Second, the larger the share of agriculture in the total economy the more important the participation effect from agriculture. The combined effect of these two forces in the middle-income 30 0 countries results in the participation effect of agriculture on head count poverty being on average 1.6 times (-2.24/-1.41) larger than that of non-agriculture, while it is on average multiple times larger in the low-income countries.
From equations (4) and (6) we know that poverty reduction during a certain period can be decomposed into sectoral participation and growth effects. We estimated the participation effects of the different sectors and concluded that one percent of agricultural growth yields on average 2.2 times more poverty reduction than one percent growth in non-agriculture. While agriculture could potentially grow faster, it is likely to continue to grow at a slower pace than non-agriculture due to Engel's Law. But the indirect effects of agricultural growth on non-agriculture are substantial and likely at least as large as the reverse feedback effects. Whether investments in agriculture in a particular country would generate faster or slower overall economic growth than investments in non-agriculture is a priori not clear. This would depend on the structure of the economy and the governing institutional arrangements. 28 How these potentially counterbalancing forces (potentially slower overall growth from investments in agriculture against a much larger participation effect) play out, remains an empirical question. To shed more light on this, we explore how agriculture and non-agriculture contributed to poverty reduction over the past two decades in the countries in our PovCal sample. In particular, we revisit equation (6) and estimate the relative contribution of each sector to the (predicted) change in (US1$/day) poverty incidence in these countries. To do so, we apply the estimated coefficients from the pooled data set reported in Table 6 column B to the (share weighted) sectoral GDP growth rates in our PovCal sample. The poverty spells in our sample concern the 1980-2000 period, with about two thirds of the spells occurring in the 1990s. It is especially useful to examine 28 These two forces may further affect the country specific size of the participation effect as well, as will be discussed below.
6
The The results confirm that despite its slower (direct) growth record, agriculture played a major role in the evolution of poverty during the 1980-2000 period (Table 8 ). On average just under 40 percent of the change in poverty incidence across the world was attributable to growth in agricultural GDP-as much as growth in both industry and services combined. Even so, this is likely an underestimate, as the decompositions are based on contemporaneous growth rates in agriculture and non-agriculture. As a result, the contribution of agriculture to poverty reduction through its effect on growth in non-agriculture is attributed to the non-agricultural sector in this decomposition exercise. To the extent that the indirect feedback effect from agriculture to non-agriculture exceeds the feedback effect from non-agriculture to agriculture, the contribution from agriculture to poverty reduction will be underestimated. In SSA two thirds of the predicted poverty change could be attributed to agriculture, underscoring the continuing critical importance of fostering agricultural growth in SSA for poverty reduction.
While the evidence presented so far supports a focus on fostering agricultural growth as the starting point in designing poverty reducing strategies, especially in most low-income countries, there are differences to be expected in the size of the participation and indirect growth effects across countries depending not only on the share of the sector but also on the structure of the (Dorosh and Haggblade, 2003) .
The choice of the agricultural technology (e.g. focused on non tradable food versus tradable export crops; land versus labor saving) and its targeting (small versus large farms) can also substantially affect the size of the participation and indirect growth effects of technological change on poverty. Using CGE models applied to archetype economies de Janvry and Sadoulet (2002) emphasize for example that improvements in agricultural technology primarily affect poverty in SSA through their direct growth effects. This suggests that technological change should focus on small farmer production system though with an appropriate balance in enhancing productivity 29 The coefficient on the share weighted Gini corrected agricultural and non-agricultural growth rates in low-income countries were estimated at -8,82 and -0,72 respectively, though the latter was not statistically significant.
among tradable crops (often export crops) and non-tradables (most often food staple crops) to avoid falling price effects. 30 In Asia on the other hand, where the landless account for an important share of the poor and the labor markets are much better developed, technological change for maximum employment creation (i.e. land saving and not labor saving technologies) is advised for maximal poverty reduction. Benefits from agricultural technological change come mostly from linkage effects through the rest of the economy in Latin America, leading to the possibility that technological changes in the fields of large farmers can be more beneficial to the poor farmers than the direct effects derived from technological change on their own farm.
To analyze the role of agriculture in poverty reduction, the paper developed a simple conceptual framework in which the relative contribution of a sector to poverty reduction is shown to depend on four factors: its direct (1) and indirect (2) growth effects as well as its elasticity of total poverty to sectoral growth (3) and the sector's share in the overall economy (4) which together determine the sector's participation effect. Reviewing the evidence on the growth contributions of agriculture and the non-agricultural sector, it emerges that while the agricultural sector on average has grown more slowly than non-agriculture, this appears to be largely due to a migration out of agriculture into non-agriculture. The latter could simply be due to equilibrating labor movements out of agriculture into non-agriculture in response to more productive opportunities in nonagriculture (industrial pull). Yet, the more rapid increase in agricultural TFP historically observed in both developed and developing countries lends support to the view of agriculture as a dynamic sector with substantial growth potential whereby productivity increases in agriculture induce labor to move out of agriculture (agricultural push).
In addition, both the micro and the cross-country evidence indicate that the indirect or growth linkage effects from agriculture to non-agriculture appear quantitatively large and at least as 30 See World Bank (2005e) for a detailed discussion of this argument in Ethiopia.
7
Concluding Remarks large as the reverse feedback effect. While the evidence further suggests that these indirect growth effects are likely to be smaller in SSA compared with the rest of the developing world, they appear nonetheless quantitatively important. In sum, while the direct growth contribution of agriculture is on average likely to be smaller, this is often likely to be compensated by its contribution to nonagriculture growth through the linkage effects which tends to be at least as large as the reverse feedback effect. In evaluating the potential growth contribution to poverty reduction from investment in agriculture in a particular country, it is thus critical to account for both the contemporaneous direct effects as well as the lagged indirect effects.
We find the participation effect from agriculture on the poverty head count on average to be 2.2 times larger than the participation effect from non-agriculture. This difference does not primarily follow from the large share of agriculture in these economies, but rather from the much larger elasticity of overall poverty to agricultural GDP than to non-agricultural GDP. This also holds for the middle-income countries where the participation effect of agricultural growth on head count poverty is on average 1.6 times larger than that of the other sectors. However, the poorest groups in these countries appear to be equally well served by growth in the agricultural and nonagricultural sectors. The difference in participation by poor people in growth in agriculture versus growth in non-agriculture is especially pronounced in the low-income countries, with the poverty gains from growth in agriculture multiple times larger on average than those from growth in nonagriculture, irrespective of the poverty measures used. These results also hold for SSA.
The much stronger participation effects from agriculture in low-income countries clearly outweigh its potentially lower contribution to overall growth, lending support to a concerted focus on fostering agricultural growth in reducing poverty in these countries (including SSA). This is borne out by the more recent historical experience of the past two decades. It is also consistent with the more forward looking in-depth country specific evidence from four Sub-Saharan countries by Dorosh and Haggblade (2003) who find that investments in agriculture favor the poor more than similar investments in manufacturing. The evidence presented in this paper thus supports the overall premise that enhancing agricultural productivity is a critical starting point in designing effective poverty reduction strategies, especially in low-income countries.
This raises the question of how this can and should be achieved, especially in SSA, where agricultural productivity growth has been lagging. While a comprehensive treatment of this question falls beyond the scope of this paper, we conclude highlighting the following three points.
First, the debate about investment in agriculture versus non-agriculture is often misleading, especially when applied to rural areas, as many public investments (especially rural roads but also the provision of education and health services) are equally necessary for the development of the farming and the (rural) non-farming sector (Fan, Hazell, and Thorat, 2000) . Second, when it comes to agricultural specific interventions, the important potential of increased investment in agricultural R&D and extension, accounting for the great diversity of farming systems in SSA, cannot be sufficiently underscored. Agriculture is typically an atomistic industry. There are therefore few incentives for private investment in research. Relatedly, given the limited use of technology in African agriculture, the role of policies, market access and behavioral factors in adopting new technologies must also be further explored.
Third, the poverty reducing effect of different agricultural technologies and investments depends greatly on the structure and institutional organization of the economy. Maximizing the poverty reducing effects of these investments thus requires in depth country specific understanding of the key features of the rural and urban economy (e.g. functioning of input, factor and commodity markets, proportion of net buyers of food staple crops, price and income elasticities of demand and supply of basic staple commodities). Too many poverty reduction strategies are still being developed without a proper diagnostic of basic facts of the agricultural sector, the rural economy and its linkages with the rest of the economy as well as an articulation of the implications of these findings for developing agricultural and rural sector strategies with a maximum impact on poverty.
Appendix A1: Specification and estimation of agriculture and non-agriculture linkages
In particular, in our specification non-agricultural GDP per capita (Y n it ) in country i at time t is assumed to depend on both levels of per capita non-agricultural GDP in previous periods as well as per capita agricultural GDP now 31 and in the past. In addition, we consider a vector X it of country-specific exogenous explanatory factors, yielding: which can be further reduced to: 31 The level of contemporaneous agricultural GDP is included since a good agricultural harvest can induce an immediate higher agricultural demand for goods from the non-agricultural sector. 32 Concurrent non-agricultural GDP is omitted on the right-hand side, as the agricultural cycle imposes a lagged effect of any non-agricultural stimuli to agricultural output growth. Increased demand for agricultural products can only lead to a higher agricultural production at the next harvest period. We abstract from the potential increased demand for agricultural inputs reflected in concurrent non-agricultural growth. , h i + v it )=0 for t=3, …, T. The additional moment conditions following from the level equation help address the potential problem of weak instruments, and thus low efficiency, that afflicts the Arellano-Bond estimation when the data generation process of the variables of interest approaches a unit root (Bond, 2002 Note: Start-or end-years specified with a 0.5-digit were rounded up for the calculation of the spell length.
